"

g W

.
LIV

d e B

~ ta.

.

o+ Lene 1an Weis CF 8 L lobleTHT

Chemical Speciation and Bioavailabiliry', 3 (3/4) 1991 page 113

@@ A dite

Characteristics to Consider when Choosing an Animal

Model for the Study of Lead Bioavailability %,

Christopher P. Wels' and James M. LaVelle -

USEPA Region Vill. 999 18th Street, Suite 500, Denver, Colorado, USA

Abstract

Most animal studies conductéd to determine the bioavailability of lead have, in the past, employed rodents or lagomorphs
as experimental models. In this paper issues and data are presented which raise questions and uncenainties about
employing redents or lagomorphs for investigations into the bioavailability of lead. These issues include: (1) the possibie
role of coprophagy and feeding behavior in reducing estimates of lead bicavailability; (2) anatomical and physiological
differences related to coprophagy which may influence estimates of lead bioavailability derived in rats or rabbits: (3)
evidence for relatively high biliary excretion of lead by rats and rabbits; (4) the possibility of a strong developmental
cemponent (o the active transport of lead. The importance of addressing these and other questions in studies designed

to determine the bioavailability of lead is discussed.

" Introduction

Multimedia exposure of children to lead is recognised as an
health problem of international proportions, Ingestion of soil
and dust incidental w0 hand 10 mouth activity presents one of the
principal direct pathways for exposure to non-dietary lead in
areas with significant soil contamination. Environmental lead
contamination derives from a variety of sources including lcad
based housepaint, auto emissions, smelter emissions,
wind-blown tailings or mine wastcs and minc waste deposits
which have been used for residential development or have been
redistributed as fill material in such areas.

Recently, 2 debate regarding the rolative bioavailability of
lead from difTercnt sources has devcloped (Steele er al.. 1989).
In particular somc indirect evidence has been interpreted 10
suggest that the bicavailability of Icad from mining/milling
operations is significantly less than that of lead from other
sources. A preliminary review of issues peraining to lead
sources and their bioavailability has been presented by Chancy
et al. (1988). As is cvident from this review, a great deal of our
present information on lead bicavailability is bascd on animal
sidics which used rodents as models. Regardiess of the specics
employed. such studies arc most informative if issucs peraining
10 particic size, metal speciauon and chemical matrix are clearly
addressed.

In responsc 10 the issues raised in the above-cited papers,
a siudy of the site-speeific bicavailability of lcad in mill wilings
has been conducted (LaVelle er af., 1991). [t became apparent
duning the study design phase that many issues rclevant 1o the
rat or rabbit models for lcad bioavailability had been
1nadequatcly addressed in the lierature. This paper will present
a bricf overview of these issues. 1t 1s hoped that the informauon
will assist invesugators in the design, conduct and inicrpretauon
of animal studics on bioavailability of ingested fcad. Whiie the
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material presented has particuiar importance for individuals
interested in stdies concerning the less soluble species of lead
such as might be associated with mining, milling or smelting
operations, much of the inaterial presented is applicable 1o other
forms of lead as well.

Definitions of Bicavailability

Definitions of bioavailability via the gastrointesunal tract or
other routes may take different forms depending upon the
laboratory procedures employed and the experimental intent of
the investigator. Pharmacological definitions of bicavailability
generally consider the area under the blood concentation vs
time curve (AUC). Using this method, whole blood
concentrations of the xenobiotic in question are piotied vs ime
following ingestion and are then compared with similar plots
following inravenous administration. The ratio of AUCom 10
AUG;, times 100 is then taken as a measurc of percent
absorption of the agent. An understanding of presystemic
climination (i.e. net excretion inw the alimentary tract) in the
animal model employed is important in interpreting estimates

_of bicavailability using the AUC technique. Thorough study of

sysiemically delivered iead can provide informauon regarding
transepithelial climination into the alimentary tract. A potenual
limitation of the AUC techmique is that it provides litde
information regarding non-lincarities in the absorption vs Uime
curve over the subchronic or chronic ume {rame.

Other - definitions of bicavailability involve towl mass
balance where. for cxample, towl chemizal excroted 1n unne
and feces and total rewained in the body are mcasured. Such
studies are most usclul when absorpuon kinctics are considered.
Steady-suate blood lcvels reached after mulupie dosing may be
uscd as an indicadr of bicavaiability. Bicavadabiiity might
then be cstimated as chemical 1n unine plys chemical retuned
in the body divided by the towl chemical recovercd. Agan,
knowlcdge of nct cxcreuon 1nto the alimenary Uact Is csscnual
10 accuraie csumauon of the amount of chemical abvorbed.
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Lead bioavailabilury

Measures of bicavailability using AUC methodoiogy
should be disuinguished (rom wholc-body uptake of lead or
other measures of cumulauve body burden. Closcly spaced
measurements using the AUC mcthods can provide dcuailed
yinctic 1nfermation concerrung absorpuon and efimination of
Jead from the blood. On the other hand. mass balance swdies
may provide some indication of accumulation of compounds
such as lead after repetitive exposures. Coupled with ussue
analysis for accumutated lcad, mass balance studies augment
our undersanding of lead disuibution. One area requiring
further rescarch concerns the kinetics of distribution and
mechanisms involved with accumulauon and releasc of lead
from cortial and trabelcular bone. A thorough investigation of
bioavailability might include both types of measures, cspecially
for a toxicant such as lcad which accumulates during chronic
cxposure.

Bicavailability at the level of the warget cell is, of course,
indcpendent of metal species or matrix buiL may present
particularly interesting and complex cxperimental challenges.

“Cellular investigations have shown that Wxic metal ions may

bind with and alter blood ceH membrane structure and function
(Weis and Haug, 1989). X-ray microprobc analysis has shown
gqualitatively that synaptosomal mitochondria may accurnulate
lead (Silbergeld eral.. 1977). Quantitative estimates of
bicavailability at the level of the mitochondria would further
our undersianding of the mechanisms of lead neurotoxicity. /n
vitro work has shown that, while much circuiating lead is found
bound 10 enhrocyle membranes, these cells may-be limited in
their binding capacity (Baron et al.. 1980). This may have
important implications for those intcresied in modclling the
biokinetics of lead distribution and dose at the arget organ or
tissue. Due 1o the potential sawraton of erthrocyis binding
capacity, and the resulting nonlincanty of the whole bicod 10
plasma ratio, care must be taken when interpreting
bioavailability studies involving large doses of lead. For
example, climination of lead may be morc rapid when large
doses are administered with a concomitant reduction in the
proportional dosc retained at a @rgel site such as liver, brain or
bone. ’ '

Choice of the Animal Modél

Toxicological data derived from animal studies is often used for
the purpose of exwrapolation 10 humans. Only rarcly is human
low-dose exposure dawa of adequate quality and quantity
available for risk assessment purposcs. In licu of adequate
human daw, choice of an animal modcl is the initial and most
crucial step in the conduct of experimental investgations for
the purposcs of undersianding relevance 10 humans. All
subscquent assumptions regarding data intcrpretation and
extrapolation will rely upon the depth of undersuanding which
the investigator has regarding the modcl employcd and its
physiological, pharmacokinetic and biochemical 'similanty 10
humans. The USEPA acknowledges thc imporance of the
model choice for the purposes of cxirapolauon 1o humans
(Barnes and Dourson, 1988).

“Presentcd with daa from scveral animal swadics,
the risk assessor first sceks 10 identify the animal model
which is most rclevant 1o humans, based on the most

" defensiblg biological rationale.” .. |

s ) L
- -

Some considerauons 10 be addressed when choosing an
ammal model for studies of bioavailability of icad (Pb) will be
presented in three caegones. First, behavioral characterisucs of
the expernimental animal model will be inroduced. Secondly,
anatomical considerauons will be addressed. Finally, the
importance of physiological and biochemical differences will
be discussed with particular focus upon devclopmental changes
which are especially criical when assessing the bioavailability
of lead. It should be recognised that, whilc it is convenient for
the purpose of this paper o address cach of the above as
separatc aspects 10 be considered when choosing an amimal
model. nane should be considered in 1solation.

Behavioral considerations

Rodents such as mice and rats, which are commonly employed
as modcls for extrapolation to humans, arc altricial specics
auaining an ability o thermoregulate at approximatcly 20-25
days of age. Recent studies indicale that rodents may rewrm o
a state of thermal lability following cxposure to heavy metals
including lead (Waikkinson and Gordon, 1990). In response 10
xenobiotic insult, rats cmploy both behavioral and physiological
mechanisms to lower body corc temperature thus auenuaung
both the absorption of xenobiotic and the LOXIC rCSPONSS while
increasing potental for survival (Gordon, 1991).

Innate fceding behavior can greatly influence the
bioavailability of lcad. The presence of food in the stomach can
clearly influcnce absortion of lcad in humans (James et al.,
1985: Rabinowitz et af.. 1980). Rodents and lagomorphs are
"continuous fceders™ (Bivin et al, 1979). Duc to such
continuous feeding habits the stomach of the healthy rabbit is
never empty (Kraus er af., 1984). Continuous feeding behaviour
allows for maintenance of gastric floral growth rcquired by the
rodents and lagomorphs for digestion of ccllulose and the
release of essential nutrients and vitamins from plant matcnal.
It follows that both continuous feeding -displaycd by these
experimental specics and the presence of gastric flora may serve
as a bufTer for gastric (luid. Additionally, the presence of foud
and flora in the rodent or lagomorph stomach assures the
continual presence of ligands for ionic lead in the form of
negatively charged proteins, phytatcs and other phospholipid.
Such adaptive behaviour and physiology by rodents may reduct
the gastric dissolution of all forms of lcad and other metals,
hence gready reducing measurcments of metal bicavailability.
By contrast. canincs and swing, like humans, tend to ingest
periodic ‘meals’ which arc followed by gastric emptying.
Compicx regulation of gastric cmptying by ncural and humora!
mechanisms assurcs that delivery of gastric conients 0 the
duodenum does not excecd the body’s capacity to emulsify and
process these conients.

AL this. writing, estimatcs regarding the amounts of soil
which children ingest and the umes of day during which such
evenls might occur are, at best uncertain. It is likely that
children are morc cxposcd 0 environmental lead between.
rather than during, mecals. Modelling thc maximal cxposurc

which might reasonably be cxpected WO occur by asscssing -

bioavailability of lead-laden soil or other media on an empty
stomach is only possible in species with periodic feeding
behavior.

Rats and rabbits re-ingest fccal matter as an adapuve
mechanism allowing for the digeston of ccllulose and the
absorption af essential nutricnts and vitamins from plant
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Figure 1 Schematic represeniations of the rodent sigmach:
(a) Diagram of areas of the mucous membrane in the rat
siomach: (1) cardiac region; (2) curaneous (nonglandular)
area: (3) line of transition from cutaneous {0 glandular
mucous membrane; (4) cardiac glandular region {liebel and
Siromberg, 1976). (h} In the rabbii somach ingested food is
located in the pyloric region (1). Re-ingested fecal pellets are
located in the large fundus (2) where they remain separated
while fermeniation proceeds.

Figure 2 Development of active calcium iransport in the ral
small intestine as measured using Situ ligated duodenal
loops. At J4 days of age (2a) calcium absorption occurs
predominantly via passive diffusion across the brush border.
At 18 days (2b) the initial devclopment of active transport
mechanisms is evidenced by curvilinear kinctics of the
absarpliah curve at low dose and non-zero intercept al the
ordinate. In the 26 day old rat (2¢) both active (curvilinear)
and passive (lincar) components of the calciuwn iransport are

. evident. From Dosial and Toverud (19%4) with permission.

- material (Morot, 1911: Eden, 1940). This coprophagic

behaviour displayed by rodents and lagomarphs creaies
problems for accuralc determination of actual or relative

_ mcasurcments of bioavailability, Coprophagy introduccs
complications in thc rodent model system since both essental’

nutricnts and lcad may be recycled (Thompson and Worden,

. 1956: Fullmer and Roscn, 1990). Without tedious and constant

monitoring of e cxperimental rodent, te investigutor can
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never be assurcd that measures of bicavailability arc not biased
py reingestion of previousty excreled xenobiotic. Caging
structurcs whic_hf_'dcp‘rqi'vc rodcnts from caprophagy may
introduce ﬁn?créﬁ\\g:lﬁ?amocumd with mincral and vilamin
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Table 1 Compariion of the ansoiute and reigiive surface areas of the ausorplive regons of the easirontesindl

prasis af mumans and Rars. [From DeSesso and Mavis (19891 wilit peraussion.

Human Rat
Absolute Relauve Absolute Relauve
suracc suntace surfacc surface
area (m7) arca arcy (m:) arcd
Region (region/body) {regron/oody)
Body 1.85 — 0.045 —
Swomach 0.0525 0.03 TBF TBF
Small incsune 200 108 1.00 22
Duodenum 19° 10.3 0.08 1.8
Jejunum 138.6° 19 0.90 19.%
Ticumn a4t 7Y 0.02 0.4

3 TRF = To bhe found.

.® Calculated using the dawa in Snyder et al. (1975). and proporiion of mucosal surfacc area 10 length of intesunc as 98:1.
¢ Calculated using the daa in Snyder er al. (1975), and proportion ol mucosal surface arca 10 jength as 201

.

deficicncy known 1o influcncc absorplion of lcad (Mahaficy-Six
and Goycr, 1970). This experimental problem bs greatly
compounded by the rat's increased cupacity for piliary excrenon
of lcad discussed later in this papcr.

Gastrointestingl anatomy and acid secretion

Discerning the roic of gasuic acidity in the bioavailability of
various lcad specics is compicx. Experimenal packground 10
fully understand the solution chemisuy of meuals in the stomach
and anterior small intestine is not yct available. Acuve wrunsport
systems for calcium may also transport Pb across suong
elecoochemical gradients in the antcrior smail intestine shifung
the solution chemusuy far from cquilibrium. As discussed
above, the prescace of gastic conicnts provides ligands for
divalent mctal ions, potcnually influencing the pioavailability
of lcad across the g:suoimcsdna‘ wact. For these rcasons,
equilibrium or pscudocquilibrium models of gasuo'\m.csu'nal

solution chemistry arc. at best. simplisic models with limited

uscfulness for te predicuon of biocavailability. Experimental
approachcs 10 answering the guesuon of the role of gastne
contents might involve controlled comparisons of

picavailability in the prescnee and ahsence of gastric contents. )

Gastrointestinal anatomy of the rodents has cvoived 10
ajlow for digestion of plant material (Figure 1). Speciahiaztion
of gastric anatomy (0 accommodate the digesuon of plant

maierial may be cxpected to intlucnce dissolution ol less:

soluble metal salis in the stomach such is those found in mining
related waste, Figure 12 depicts 3 schematic Urasing from 3
sagital séction through a rat stomach. Unlike the human or
swine stomach. the rodcnl pOssSSses relatively large
aglandular forcstomach with rumen-like mucusal folds. The
forcsiomach in both rats and rabbits is covered with a stratified
squamous cpithchium which serves primarily as a reservoir for
gasuric flora and reingested feces (Figurc 1b). The forestomach
of the rat and rabbit is devoid of acid scereung capacity. This
is in sharp conirast 10 the human stomach which 18
prcdominumly glandular and devoid of indigenous flora. The
acid sccreung region of the rodent siomach-is restricted 10 8
:smallcr arca antcnor 10 the pylorus. While little cmpincal

-

\nformauon is available regarding the mierspecies differences
in total acid secretion. such diffcrences might play a significant
rele in leud bivavailabiliy. Funther rescarch into dus imporLnt
area should be encouraged.

Acid secreuon by human marictal cells is regulated by a
varicty of ncrvous and hormonal stimuli (Kutchai, 1983).

- Physiologically significant sumulants for acid sccreuon include

acetyicholinc, gastrin and hiswminc. Acctylcholinc may be
relcased by vagal acuvity or by nramucosal refiéx acting

. direcly on the pancal ccll. Gasuin rcleasc 18 mediated by

peptides of amino acids in the siomach. Disunct histaminc
receptors have been locaied on panctal cell membrancs:
howcver, the exact mechanism for hislaminc releasc is not cleur.
in all cases. stimulaton of gastnc 1c1d sccreuon impinges upon
the glandular portions of the siomach in rodents the glandular
regions of the stomach represent 3 rclauvely small poruon of
the overail glandular issuc in compNSon with humans.

in general, four experimenl approaches to determination
of acid secreung capacity have been apphicd. Mcasurements of
pH of gasuic contents have been ucd W0 deteet acid secretion
capacity but this technique s unaabic o provide informatien
about quanuies of acid secreted aver ume of acid scereuon sct
points (Garzan, 1982). Ussing chambers fuve been used a8
experimental \echnigues allowng for measurement of basal
acid secretion and in viro reapons w0 humoral sumuli (Ducro
er al., 1981). Techniques 1nvolving gasne pylorus ligation
(1kczaki and Johnson, 19831 and onunuous saline perfusion
(Ackcrman. 19%2) have also bean srphwd io (he study of gasuic
acid scerction. These lauer i« nnigucs introduce the undesirable
experimental variables of retloy sid ~evrenon and ancthesit
respecuvely.

Litle comparative informanen regarding the towl parical
cell mass in vanous experimeni \PECICs 1S avoilable. Whilc
acid output may be expected w e 3 funcuon ol paricul ccll
activity or ccll density. i 15 e oscralt panctal mass that best
relates o acid sceretion dunng govelopment (Yahav. 1989
Singc pastne acid plays an ymporiant rolc in the imual
solupitizauon of various lead specics, animal modcls having
parictal mass similar 0 humans would e the preferred choicc
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Figure 3 Chances in duodenal calcium active 1ranspori, calbindin-D conicnt and alkaline phosphaiase as a function of age in

Sprague-Dawley rais. Parameiers were measwed using

everied duodenal sucs and active calcium transport is presented

serosalimucosal (SMM) ratio of radiolabeled calcium. From Armbrecht et al. ( 1979) with permission.

for the conduct of mctal bicavailability studies. This chaice
might be particularly important for the invesugation of lead
specics soluble only under acidic conditions.

Active absorption of lead occurs at the anicrior portions
of the small intesune. Relative length of major subdivisions of
the small intestine in rats and humans is presented in Table 1.
Large differences in intesunal lepgth among varous
experimental specics may be cxpecied w intluence both uctive
absorption of lcad and enterohephatic circulation.

Development of absorption mechanisms

Calcium is thought 10 cross the inestinal brush border by 2
varicty of encrgyv-requiring and cnergy-independent
mechanisms. Reviews of this subjcct have been presented
clsewhere (Wasserman and Fulmer, 1983 Toverud, 1989).
Scveral investigators have proposcd that Pb may sharc a
common Lransport process with calcium (Mayaffey-Six - and
Goyer, 1970; Smith et al., 1981: Gruden, 1975; Baron ¢t al.,
1978). These processes may involve: (1) wansccliular routes
which include the involvement of the calcium binding protcin.
calbindin-D (intestinal calcium binding protcin) and arc
saturable at 2-3 mM calcium: (2) paracchular routes which
oceur at higher concenuations and arc diffusion dependent
displaying lincar absorption kinctics and; (3) propouscd
vesicular transpont mechanisms. Caicium binding proicins
involved 1n the absorption of calcium across the gut may have
a higher aflimity for Pb (Fullmer et al., 1985).

Comparative investigations into the ontogeny of the
calcium wansport process provide imporLint insights into our
undersianding of lead bicavailabiliy. Such compRIrisons arc
esscnual 10 both design and interpretation of bicavailabiliy

. e
= - -
= :
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swdics of lead. Much evidence exists 10 suggest hink between
developmenual stage and absorption of lcad in humans (Ziegler
et al.. 1978: Alexander eral., 1973; USEPA, 1986).
Mechanistic undersianding of the age dependence of calcium
absorption has been most tharoughly investgated in rats (Dostal
and Toverud, 1984: Punsu er .. 1983: Armbrecht et al.. 1979;
Mooradtan and Song, 1989). Figuse 2 presents the progressive
development of calcium absorpuon in the ral intesune. Acuve
ransport mechanisms for calcium in the gastroinicstnal wact of
the developing organism paralicl increased calcium requirement
for growth of the long boncs and development of muscle and
nervous tissuc. 1t is evident that in the pre-wcancd rodent acuive
transport plays 2 minimal rolc in the absorpuon of calcium
(Figure-2a). Shortly post weaning. however, the maturity of the
actve transport process is cvidenced by the bi-phasic nature of
the dose vs absomtion curve (Figure 2b). A distinction between
active and passivc mechanisms for calcium wansport in the
intestine are evidenced by the' curvilincar (active) und linear
{passivc) componcnts of the dose vs absorption curve. In the
low dosc range, aClive WANSPOrL Processes for calcium are
dominant (Figure 2¢).

Of great significance for the conduct of bivavailability
studics for Pb is the abrupt erminadon of inlcstinal active
transport - proccsscs for calcium at maturity (Figure 3)
(Armbrecht et al.. 1979 with permission: Mooradian and Song,
1989; Armbrecht er al., 1980). At maturity development slows.
Epiphyscal plaies arc scaled. The calcium requirement
diminishes. and the gastroinicstinal ranspon mechanisms for
calcium respond accordingly. Figure 4 presents the relative
growth and development of swinc, rats and humans. Sexual
maturity in the rat occurs at approximatcly 7 weeks of age. This

—




Lead broavailability

wLIGHT x BRI wEHE

AGZ. MONTHS

Figure 4 Growth weight of rat. piv and human baby during
the first year after birth. Birth weight = 1. From Widdowson
(1968). W = Weaning: P = puberry.

developmental milestonc in rats occurs concurrently with
cessation of active calcium (ransport. Assessment of
bicavailability during or following the cessaton of e active
absorption componcnt is inappropriate il an gndersunding of
juvenile lead absorption is the intended purposc of the
investigation.

~ The juvenile population is clearly defined as the
population of most cancern for cxposure l0 cnvironmenul lead.
. ltis Jikely that juveniie environmental exposurc o Pb occurs in
the low-dosc range wherc active transport dominatcs the
absorption process. If one presumes that Pb and Ca transport
follow similar absorption kinctics, as the available cvidence
would strongly suggest, conduct of bicavailability studies for
lead must be conducted on juvenile organisms. .

The role of bile sccretion

Fecal excretion of Pb via bile sccretion and cnicrohepatic
circulation can vary widcly among various cxperimental
species. Specics differences in biliary handling of Pb may
greatly influence measurcs of absolute or relative
bicavailability. Comparative invesugations of biliary excretion
of lead in rats. rabbits and dogs have been conducted by Klaasen
and Shocman (1975). Thesc investigations found profound
species differences in the rates of biliary excretion of lead.
Rabbits were found 1o excrete Pb via the biliary route at raies
approximatcly onc-half that of rats, while dogs displaycd biliary
excretion rates less then one-fifticth that of the raL. Important
‘physiological diffcrences in biliary cxcretion have also heen
identified (Erlinger. 1987). The bile ducts ater the volume and
composition of the bile fluid prior 10 entry into the digestive
wracL. Conuibution of the bile ducts 1o overall bile flow is
significant in the canines and primaics but much smaller in
rabbits. rats and guinca pigs. Biic acid wunsport in ruts appears
10 be 2 sawurable carrier-mediatcd process (Stremmel and Berk,

1986). Investigations into the bicavailability of Pb should

consider the role of biliary cxcretion and cnterohepatic
circulation {rom a comparative perspective if sound estimates
of bicavailability of icad in humans is the goal of the study.

Summary

The ssuc of lcud brcavalubihity remains an imporant barmer
{0 an undcrstanding of childhood cxposurc (O this
environmental hezard. The inernavonal nervasiveness of the
problcm, the seasiuvity of the juvenile populauon and the
apparent persisience of neuralipic endpaints of lcad loxicity all
contributc 1o the need for rcliable esumatcs of lead
bicavailability. In esublishing esumatcs of lead bicavailability,
toxicologists we obligated t apply all available information
rcgarding tie comparative bchavior, anawomy, physiology and
pharmacokincuces of the experimental model being employcd.
Much of the inlormation availabic regarding the molccular
mechanisms ol icad absorpuon and wxicology has been derived
from studics conducted using rodents. Some investigalors have
questioncd the usc of rodents for the pumose of understanding
the molecular aspects of lead and calcium meubolism duc W
uncerwintics regarding the extrapolauon to humuns (Fulmer
and Rascn, 1990). Other invesugators continuc 10 cmploy
rodents for the purposc of understanding the absomtion and
diswribution of lead (Killinger, 1990).

Cost and difficulty in handling are clcarly recognised as
real world constraints to the conduct of animal rescarch.
Regardless of the specics employed 10 assess tic biokinetics of
lead ubsorption and distribution..a comprchensive asscssment
of the modet being employed and its relevance to humans must
be incorporated into esumatcs of bicavailability. Without such
an assessment, missreprascnuations and missundcrsandings of
the bicavailability of lead will be nsked.

We believe that the weight of evidence suggess that
studics of metal bicavailability, panticularly lcad bivavailability
swdies, conducied in rodents or lagomorphs should be viewed
with caution. Evidence presenied in this chapter which justifies

caution in the interpretation of bioavailability studics conducted

in rats and rabbits includes: (1) coprophagic and contnuous
fceding behaviour of these model species; (2) difficultics in
assessing imporiant devclopmental aspecis of lead
bicuvailability in ruts and rabbits, (3) evidence for relatively
high rates of bile excretion of lcad in rats and: (4) profound
anatomical differences beiween these specics and humans.
Better model specics are readily availabic for the study of meta!
bioavailability. More complete characterization of these
aliernative modcts should be encouraged. :
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